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PURPOSE: To provide a hydrogen plasma down flow 
processing apparatus with reduced processing time by 
eliminating a natural oxidizing film on a silicon substrate 
concerning the hydrogen plasma down flow processing 
apparatus that does a hydrogen termination process. 
CONSTITUTION: A plasma generating part 4 introduces 
a hydrogen-containing gas and activates it A processing 
part 7 is provided downstream of the plasma generating 
part 4 to etch a work piece on a substrate 9 by exposing 
it to reactant gas activated by the plasma generating 
part 4. An introductory part 6 of a fluorine nitride or a 
fluorine containing gas is provided downstream of the 
plasma generating part 4. 
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$jSKft-r*^x^f6±sp (4) 

|trE^7X-7SI*Sil (4) 0)T35l^l+&*v. ItE?? 
X?f&£SS (4) -e5§ttfc$*tfcJRK**^l=Sffi (9) 

±.o>w.9mm (i o) smL-cffia-rsfliasp (7) 
firia^x^sgifcss (4) <ty t,T3Si=isi+e>*vc:7-v 

ft;g^#*3U*:7^ft;g^*#X£SA-f *#*3IA 

sb (e) £s=rr5c££ ! 8ai-f*¥&(*gscDSS3& 

[§I*JS2] |<rfB**XSAef (6) I*. 
36i£S& (4) A^&^Lfc^X-7«SS©**XAt#«-r 

ttsaosasa. 

[gjRJS3] tulEiffiSgPlcli, fiFlEfc«ia«B (10) 

a)i8E*&i=iiri3Sffi O) £jnf&-rsajt&^K (12) 
ttsaaassa. 

[^#jg4] ^x^ss^s-e*^****:^ 

XT ft: LTStt<b**X$SI^*-ar. 

ot^7 XT?$£±m&& y * **xTss^fc -3-c x-? 
mxxx.\t? vftl*^*xs Sin u 

LTfflars^^X^sr^^a-fliaig^t: 
t?»^i:7icma>S^#X(D^-f*v*^fcy> ItESffi-t 

&ft;i^ s fflar- & s :: t t r * st*si 4 

$fl!ria^7X-7fE±^ia«)T3£lcttt&L. o^Cu '>fc 

< i: tKmJSqF* ^t?»^-*S*^lc3inx.Tlirl2^7X 

a&fcfcSS^X^^V^P-SaaLfc&l::!*. 

< t t,mmw&-ziiti»¥%i6i<»iix «fc y < s±* 
[&*JS7] itriBS«J:<DiiriEStiaia^**^^7X 

v^r>7>7a— filSLfc&lc, SirlBS«£l O 0°CKI± 
<DS£#3t. 



I1S*3S9] WIBSfi-hrottffla^l^TKm^^X^y 

4 3E@<D¥3{*&acD3&£&. 
[B*3M o] t?riasffi$*ifcfS7M±. &&mma 
fiSEBiaA<n*3tifc*B*-e & s c -r 5 b#>s 

9 15®CD#SttSSCOiS3t7JS. 

[0OO1] (B*) 

■ &*<OtSL® 

• L * 0 1 -T SSS 

■ USE** 

(1) *&wo>mmwizekZ>&f£Mibmo>&£gim. (0 
1 ) 

(2) *mw<Dmmm\zekZ&i&wntmoi!kii:*im 
(0 s^^^mo^*a^*^g3giaia (02) 

. (ii)ittS0!l (03) 

(in) istis (@4, as) 

(3) ^^cD^jswi-sse^^bM^sros«(»ia 
a*& 

(A) lml&l=«fc4*^ (06, 0 7, 08(a)) 

(B) *ftl=J:^*S (07, 08(b) , 09) 

[0002] 

£&*u sgi^^afflas-rs^^^x^^^v 
^ □-«ia^a&t;7Km^ ; 5Xvy'7>7 a-saa^ 

[0003] 

a&iSHbig£&25rs«ia. *t 

■)If Haa*S (#fi3^fi : S.S.Higashi et al.,J. 
Appl.Phys. ,56.656,1990 ) Mt^7X7jffll,^F 
; 7-f$aa^'& (A. Kishimoto etal. , Jpn. J. Appl. Phy 
s. .29,2273,1990 ) . 7K3SH^ (*^ i'fcfl') ^ffll"* 
fc K^-fSaa^^ (T.Takahagi eta I., J. Appl. Phy 
s. .68.2187.1990 ) £ £ ibfVCt^. 
[0004] 

[«?S*«S3iUJ:5i:-r-5^S] ±!B*SCD5%> ftf? 

^asmwi-fi? uma^-ei*. ->U3>o (1 1 
1) ®i=^urttesjss®*^e.H5*^ (1 00) 
®i-s*Lri*3esi4*<»u. 717 naia-eS5i) 
f=to. aiaiaaic^t/^ssJi^A***. fcfc. JtE 
saatt^x^ naa-efesf=to. Jitasaa^. a»Lt 
jSK^oK^-fJBa^fTais^i^i*. 917 hffiasa 
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[0 0 0 5] Ml=. *S?7X7$fflUfcK7'fiJlIS 
ffiCDffi&aBI-SSSU SM— i?$#x.S3B*l.*<fe£. 

[ooo6] *sesbi*. *^*«e*SEffi<oss^i=ffi^ 
zf? XT-aa^es zk*:?^ x^flta7*ssa>^« * s 

[0007] 

[psssiSi-rsfctoa)^®] -tEissi*, fgiK. * 
;E9.t<Dayai3i«n o$®uTjEa-r*ffisa»7i:. i& 

IB^^X^^SS 4 «fc y tT3Sl=Slt &*rc v vita.* 

* =. i t-r «¥»{*3taa8&ttar= * o 

T3fifc**v 3521=, iirE:tfx&AS&6l*, ig7"7X 
7-&£gJ 4*65l4Lfc?7X7 tttS<D # Xi<#«T S 

s«i=i*. mEttami o<Dfs*si=itriEse9«jn 

Si 0*-Bl::Ea0¥*flMO&&Kai=J:-?-caj* 

tti*fl*-eiMBai£#*l::7 <yfca*#xxi*7 ?fcB 
*a**rx*S&iu fiIE7^bMS§#xxi«irE7? 
^bsm^*^xA<sjto**ifcitriasit<b#xa)S?ffla(= 
s«±©«5ttafe * b§ u T«ia-r 4*t7*7X7^'» 

-at ai***u msic isssstsJiroiiriBa 
ffla^i*>> 'j 3 >&&±.a> -> 'J ^ >K<bm-e y . 

tib&*.*tt1i*tZ#.*tfrm%0>&-&ii*Z.lt'}>te < 

fey. TOEafi±©mE«»«*©WB«isf*flr!B5/ >j 
at-r *»4 coawicEm<D¥®<*gga)igji75sfe^<fe 

■9Ta«**u »6I=. ***«E^^X-7»^«JS(= 
SA L KTE 7 »,/ <b£Sil tfXXIilirE 7 <bM3§ 
^fr#X*ttE:?7X^*£««©T3iEl::ttl&U ^ 

E^?X7»felWI=tAt*i:i:tl:. t?TE£«-t<B 

tirEatssass s *m 7"7X7^>7d - sua l fc*i= 



I*, d>fc<£*KiltJI^£^fc#^£tero#Xj:yfciii 

< f?±$-e-5 c t *^«fc-r*» 4 a«nc:Eaa¥* 
#ga<D«a»&i=«fcoTaj*s*u sm^ itrESfi 

-t <B« fliafc * *X *9 X7 * -7 > 7 P - »■ U fett 

ues«$i oo*cja±i=in»-r*ci:*#«t-r 

5B4 (0«WI=E«<D¥S(*Sa<0SjS7jai=<t oti 
I8C. f&EflOt&l*, ttB*a9**7att# 
;0!:HS*l=A*vT*T3Ci£#»i-r*B!*>S7E« 
<D¥»ftSS«>S5g7a^. 

[0008] mo i=. WESS±©ffi«iaia*7k*^7 
X7^«7>7D-iasLfcS(=. i?TES«i**ft-r5c 
t t -r 4 ©fsw ts® <D¥3H*ga<o§S3t75 
ai-«fcota^**i. »iok, itrES«**ac-r*7k 
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-rsnjsronicfe-so-e. ^x-?«iastt'stNNF3 

[oo 1 o] *nma*mi*3iW.<D§i3Mj3m\z33i*x 
mnm-Siixnjg&itiSxizN f 3 TjxxiiN f 3 
C9jlli5/>Ja>S«Ji<»@8Se<bM$(»S-r.5ffia 

izmm-r&t* nf 3 #xxi*nf 3 ^**x*sidl 
ftt^jRiztb^T. «aa^ra*<s«a**i*ci:A<iisii= 
<fcytiA^tf>&Ti.fc. 

[ooi 1] ?7X-?jB£iitt0#xTireft9 

•C^7X-7tt@<D**XA<#ttUJ5:t^^. 3S4xT#fc 
^•(b7J*XICNF 3 73*XXI*NF 3 ^***X^SUlLr 

saa-r^sis^icBx^^s^A^^^-f. 
— «ia»ic. atoi-7K^ftxi*M^si?JtLrfvs<D 

[OOI 2] ±E»*i7*7X7?'»7P- jlft 

ai=*y, «Bi=y>-i>****i^-c. 

■MbBl3S«|»***i**<. i^l»blSA<l«**^fca©S 

a#-r4***«fc4. w«>^aifttttts«=«fcys«i=jB 
«-r ttai=j=£SS<&aiB<»iMb£i«jt-rsfcto 
*lm*x^-^v h^jtit-r^fc*. s«*miiLf= 
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[0013] *<Dta&i*&<btt<ofci*#;*.flffla-e*T 

[O 0 1 4] 

(1 ) $%^0)HIftia)l%S{bI(D^S€ 
SSI*, *m&mmoWtfklz&m2ti&. 

[OO 1 5] tt, rtg^9raroO)R©tt(0«Sg 

toz1Sx*0>ft\zfcm=7*>i})\, (H*) A**^>/<il*9 
^^a-r-s^-esLMc^LT*^^ (H 2 ) l-M 

[0016] 41*. mi <0**XSAP2<»>a<l-glt€> 

5 GHz, -7-<^P3fil=<fcy7k*+7KlsS©;1^^X$ 
^7X?fct4. 61*. 7vibmm (NF 3 ) tfXXI* 
NF 3 ^***^.*? L -N'>^1 rtl-SA-T -5^2(0**^31 

ap ctfxsiASP) -c. ^7XT^S84i=«fcy±i:fc 

■?fB±£P 4 l=«fe y LtzJ^Xvft&fr 2 0 Onm 
(LI) a>T3SKaite>:h.-Cl*S. C*ilzJ:yj:SiEAyt> 

§s*tr*f=*mvi**;i'S^tr*£&<b**xicN f 3 **x 

[ooi7] 7(*. ««aJi%$ffia-r5*BSST?. &s& 
jurcfcaessiUbBSi oA<asi-jfjfi£*4xr^5^'j 

a>S«9A*MA^-5. *fc. SU1SP7 li^2(D**X3f 
AP6 6^t>$?l80 Omm (L2) ^flTt^S. 

m2<D#x#AP6^&fli3si7*-ei*. **?i?*iu 

iNF 3 1SXttf+#\z&.l£l,TmititL* ^Ojgtttt 

[ooi s] jsi±<D<fc5i=» *m&wo>&mi~&hiis 

tfcy. -a©x8<»SSi<bA<§mT?fcSo ^7 

xv^±su4i^jg-r57Ksia©«t>yi=» 
[001 9] £fc. t"-v>'<ii*> 5*»i=iR&r» it 

(2) *fEW0)^lfie!II=S5Sj!SK{bIirof85i^ 

(i) ess^biS(o^jtt;*s«ffi«aa 



02(a) , (b) tt^^W^lSeilcS^TK^^^X-?^ 

-»7p — j&sjc * y -> u 3 >s« 90±og ss&fbE 

5Bfifi"a-*?&i>. 
[0 0 2 0] @2 (a) I*. W$ 1 3 Aftg&Ktbjg (» 

saa«B) i o**^^$;KT^5->'j3>sffi9$3F:-r. 

9(D®7jei* (111) BSmvcltft. *"T. -Ott 

gifl) -> ij a 9 * h i iz^-rmm^mommu -> »= 

[00 2 1] gU^T. 8SQ3SILTfvMl Pi* 

stauoo. ssfi8 o c c/»fl>*s^$gi <d*tx 

3»AP2A^P,^-V>y\*1 rtlcSIA-r*. *C=» ^3ESt 
2. 4 5GHz-efc-3"C2OWgg0>-7-r?n&£3lsft 
gSfr&^X^SSifeSUICSK. c*ii=*y» 
^«±S»4lrfc^T**XA*ScBL-C*3l-f^->. m^-» 

#xii:7^XT5B£S4©ift8i=J§£LT.#fiU 
«fcyT3£i-«±*^'r^->. a^-ai;**^*^©?* 
<©7k*^ s?*;u£ ^t?-Ste<b**xA<**x©35*i.i=ao t 

[0 0 2 2]S^t, ^XT@««)TSSffl(=fe5m2 
<0**X3iAP6*-SL-CNF3 #Xf90c c /#a>3£ 
gT*^-v>/<l rtlzgALTSttfbffXlcjgjjo-rSo - 
<0&l=. mi <07?X3IAP2*jIL-CSSM2O c c/# 

<o*msset$&L. tk^^7X^i=h 2 o ^ssim-rs. w 

[0 0 2 3] H20 4*l6iD**i'B:lMg&^tt. t©Sttft 

7K^a©#«i-«fc y*it7i*:fcA'«>si'>i**fc yw*.?. 

4x5 -tA'ttfrto Stt<b**X (&£# 

X) <kNF 3 *XI*fflSS?7l=PS-r5Pai^&^OR 

[0024] w<DttS$1 5»ISiftt5i:, 02(b) 
I=*r«fe5(=. ->'Ja>S«9-tfl>a«K<b|gl 0it& 
Zttiibbt,^ i/>J a^S«9<DSfaa)v'Ja>(D 

iE$*ttl='S-3-C05AMr < tysfi)lrU 
fc. S7Ktt<0**fc*tS«S^b|gl ottlotSU. - 
iEt*ttl=^^•^■Ct^4^tf> S^KIbKl 0l*»*$*l 

[0025] oive, tKIsS. nf 3 (Diiiff-e^^^A 

•C*iR<O^XT<b$<?itL. 

±tf>5. *©fc. *a>xs*fT3fcto, ->'J=i>Sffi9 
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fctfx»«i3B#R3A<1 5»JilTi:»^-— yi=S»**ii>. 
[00 2 6] £fc. ^XTS5^gB4«)T35, A^O?^ 

|:nf 3 tttfxJSJoL. n F 3 ■SGiixtfvS.taisix 

jfctfifty. ttflis^n o&mmT&E.t&isx\~m**- 
*.ftl\, 

too2 7] it, 7t/S7y*;t«t*fti»Sfflat 
oK^-fsas-efc^ro'e, ^m-v naa tufty. ?v 

i&JIA<m?:h.£ c: t l= <fc y . 9&m&<r>&9&mm AMb^tt 

A. ^JhOlll?l=-3^TI*. -tlcL-fc«fc5ft¥llI£8£fc 

[00 2 8]BP*>, ->'Jn>Se9 0JS®<OSSSSftK 
1 o£&*L<fc?4:-f&fgl::te. *f^*^7X?56 
£SJ4lzgALfc£l=, ^X?38£S84roiJcm£llJ6 

7k^S*S*0l=3IA-r*t. ±lBLf=<fc i 5ftfJ^* t 3t» 
I-fSJ**:h.ftL*. 

[0 0 2 9] cjuzJtLT. Si»&<b&i oro&SSJS 

4<0ftm£itttTfr&*m**x£<?it-r5. *sma>f? 

*§&SI=<fc£&<bMA<J&g-r-5S3*;h.A<ft < ft*. 
[00 30] ftjb\ :^X^SS£fcSS4l=«A-f£*igfl 
©ft*? y 1 OliTKLt^fctf^* #A LT 4. J: 

i*. KStS^A-rfttf, ^7Xsrji±g84a>TSSffla-ei* 
*3li:&SA<$S^L-CH20 *<#«Er5o zh^om-Si- 
1 H^Kl-t^€?»^*tt©**X<fcyg<^V 

i^ihur, ^ya>&«9<D«sa>M<b£sfc85(-l»Jt 

[OO 3 1 ] (ii) JtSW (ft*0!l) 

@3(a) , (b) iiQtmmizm&fcmJ^x^vo^ya 

(OUSE^tmft-Std^l*. 3l2<D;tfXgAn6frbN 

f 3 #xA<3sin£*vr, *^7i?*;K»^i-*y> 03 

(a) l=*-r<fc5fti'y =i>Sfi9±<Dg«SKfl;Kl 0A< 



[0 0 3 2] NF 3 #X*SanLftl*Ci:lel*1"tt. ItTlH 

*nt£Wts«ft^#&i;^-e«is*^-i). 

**7 < £frSttft:#XA<#X<»5S*il:: 
«feoT35*v-5. Ste*b#*l*«J318lS7|cliliIU g£B 

fbMi oizftffl-r-s. l^l. w«>ttSiS6o»raja± 

S^LTi. 03(b) Ic^-T<fc5l-. v'Ja>S«9± 
©gSS&fbBii o al*^|c^**vri=:Sofc. 

[0 0 3 3] ftfc. NF 3 #X£^7X-7|8£SB4A>& 
iALfetC5. 1trlHlli6C!llc*-r<fc3ftffffll*«e.i% 
ftA*ofc. 

(iii)iE9£fgft 

l=j3l+*ffiSSS7-^fl>7k^Jl : F-a>»SiigL. tt&L 
fc. 

[0034] B4i=gigtsBa>fiisH£«r. n&sm 

1*01 t(SlSl^«ft«fi£**L-C^4A^ «i31SB7rzE 
SR (electron spin resonance ) l~ <fc •& 3SI5£iStlt 1 1 
^iSilL-C^SCtAtMfto-Ct^. 1 
T*ffi3^7T?<&*^*<Da£ai£l.fc. 0*. 01 t 

EC^-eiF-ftow^i t^cto^^-r. *fc. ± 

[0 0 3 5] HS5$SS£> 05(a) , (b) (Z^-r. 05 

(a) tz*§tmnmfomz&zuF3is*.&&tia2Htzt% 
05(b) iiNF 3 #*A<3tfn$*ifti^i#£*"r. 

flKDTs AUbKSIJ: y t,«i3®S>7 -e^TKSiJi^OJS*^ < 
ftoTt>-5C<t*<^-5. Cttli, *«K<OSI!S«!l©« 
^, *^^i5*;u*<N F 3 ffXtSJSU -tOiigl*^ 

5i-ei*ftt^ *S7^*;u*«ty*<-r-5SfB*i:t 
SiBic«fcye«SKfblgi oo^SJSA<ffiii**T.fc. 

[0 0 3 6] 8Lt0J:9&. *fElpJ«>ltS60!ia>i!l317Ji£ 

Tkm^^axttK^^iDx-T^^X-efb 
U C*l*TSiEa)->'Ja>Sffi9l=^< -tl^J:y*^ 

i=. *m5i?*;n-NF 3 #xs^ai-r-5cti=«tyE 

JStt A<^«) & *v& - 1 A^S * tifc. 
(3) *fBWa}||JSe!ll=«4SaiK<bKK5S»(OSffi<D 

7P- ffl3ai=«ky, i/'J3>sffi9lc^fJ^-i?^•§■A■r , 

|cS^HT?g»K<blSl 0£&£T?#S«fc?l=ftofc 
A<. gSSSfbKI»£ft«)i' , J=i>S«9©S®|cRf5^ 



(6) 



&m¥-e-3 3 8 4 7 8 



[0O3 7] *<&£j£«3l*s $51 2B#H:gSi5cSL-Cj3 

<c£ic<fcyg«ic$s«-rs*<* -e<DFaic«gs«ts 
is^^ooff miz «i;ot*>u =3 >s« 9 mm tfnmit-t 

JsTFtf) (A) . (B) Ul7*-r2 0(D*&a<fc£o 
[0 0 3 8] (A) JP^ICJ:^^ 

x^t-^ % SUM* 1 * x/\xf- vi^ct y *ni&-r 

[0 0 3 9] -t<DSa*fflt^T. ±IB (2) 

*-r. ±ib (2) (i) izTjk-tmmtmmte&M'J^x 

•*?<5>7n —WkMlz cfc o r 'J n 9 a® G> S * 

^it^fc^l^. OOcc/mingg 

2ic^y i/U n:/^E9 0>Sg£ i o oicgftlc-tif. 

ccD«si*3»paes«^*r^o ipi&^si 2*<**m 
[0040] z.o)&oi5:mm9kmiz&it\t* vy=i>s 

ffi9(DS^COlSg!|6lli>BaLfco 0 7(a) , (b) I*. 

u=3>sfi9osaos^««io#si:. joift^si 
ifcess^eitfe^o mm^m^mt. ft 
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